The JET ITER-Like-Wall experiment with its all-metal plasma-facing components provides a unique environment for plasma and plasma-wall interaction studies. These studies are of great importance in understanding the underlying phenomena taking place during the operation of a future fusion reactor. Present work summarizes and reports the plasma fuel retention in the divertor resulting from the two first experimental campaigns with the ITER-Like Wall. The deposition pattern in the divertor after the second campaign shows same trend as was observed after the first campaign: highest deposition of 10 − 15 µm was found on top part of the inner divertor. Due to the change in plasma magnetic configurations from the first to the second campaign, and the resulted strike point locations, an increase of deposition was observed on the base of the divertor.
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I. INTRODUCTION
The JET tokamak with its ITER-Like Wall (ILW) project [1] provides a unique opportunity to study the plasma-material interactions (PMI) taking place in operating the next-step fusion device ITER. In ILW, the main chamber limiters comprise of bulk beryllium (Be), and the divertor consists of armour tiles of either bulk tungsten (W), or W-coated carbon-fibre composite (CFC) tiles. Removal and replacement of these plasma-facing components (PFC) during shutdown phases of JET allow post-campaign, or post-mortem, analyses to scrutinize the campaign integrated net effects of the PMIs. This work summarizes the present results on fuel retention and deposit formation after two ILW campaigns.
Gas balance measurements performed during the first operational phase of JET-ILW (JET-C) [2] . The ILW-1 post-mortem analyses of the PFCs retrieved from the JET vessel during the shutdown 2013 mapped the global distribution of the deposits and fuel retention inside the machine ( [3] [4] [5] [6] [7] [8] and references therein). The global fuel retention rate was found to have decreased in ILW-1 by a factor > 18 as compared to JET-C [5] . Also, the results showed the chemistry affecting the erosion and deposit migration when changing from JET-C to JET-ILW: the deposit formation in ILW does not appear to proceed via long range migration of the eroded particles due to lack of enhanced re-erosion. The highest amounts of metallic deposits were found on top of the inner divertor, whereas in JET-C the thickest C deposits were formed in the base of the divertor due to enhanced re-erosion processes by chemical sputtering [3] .
The second ILW campaign in 2013-2014 (ILW-2) had similar characteristics to ILW-1, but focused on high power, high density plasma scenarios. A general review on the two ILW campaigns, and on the corresponding shutdown activities are given in Refs. [9] and [10] , respectively. The ILW-2 fuel retention post-mortem analyses took place after receiving samples during the JET shutdown 2015, and the first results have been published in Refs. [11] [12] [13] . In the present work, the main findings from the ILW-1 and ILW-2 post-mortem results on fuel retention and deposition formation in the divertor are reviewed, and the effect of the plasma operations are discussed. 
II. EXPERIMENTAL
A. JET ITER-Like Wall campaigns
The main plasma operation parameters for ILW-1 (pulse numbers 79854-83794) and ILW-2 (pulse numbers 83933-87944) are presented in Table I . The total plasma time was approximately identical for both campaigns, but the limiter configuration time was slightly lower in ILW-2 (∼ 5 hrs) than in ILW-1 (∼ 6 hrs), and the divertor configuration time was higher in ILW-2 (∼ 14 hrs) than in ILW-1 (∼ 13 hrs). Both ILW campaigns operated with deuterium (D) plasmas. However, the ILW-2 was finished with a dedicated two-week campaign with hydrogen (H) plasmas (0.6 hrs). The amount of puffed D was increased with more than a factor of two in ILW-2. Moreover, the total amount of seeded impurities (N, Ne, Ar) was increased with more than an order of magnitude from ILW-1 to ILW-2. In ILW-1 there were fewer high current, high power 400  600  800  1000  1200  1400  1600  1800  2000   tile 0  tile 1  tile 3  tile 4  tile 5  tile 6   tile 7  tile 8 strike point time (sec/mm) ILW divertor S coordinate (mm) had a maximum increase nearly by a factor of four, whereas the energy deposited on Tiles 1 and 3 increased by 16%.
B. Post-mortem analyses
Experimental methods
The ILW divertor comprises of W-coated CFC tiles, and of a bulk W tile (Fig. 1) [16] , and the analysis setup is described in Refs. [7, 17] . In conjuction with the 2.3 MeV 3 He ion beam for NRA, the Elastic Backscattering (EBS) and Particle Induced X-ray Emission (PIXE) were used for detecting Be and heavier elements. The 2.3 MeV NRA, EBS, and PIXE results were fitted parallelly with WiNDF data furnace software package [18] , and the experimental setups are described in detail in Refs. [3, 4, 12] .
SIMS analysis was performed for studying the D, Be, C and heavier metallic impurity depth profile concentrations in the ILW divertor samples. The details for the SIMS setup are presented in Refs. [11, 19] . Calibration was done for D by using D-implanted reference samples, which were prepared by implanting 60 keV/D 2 into polycrystalline W, Mo and
Be (see details in [20] ). The retained D in the implantation-induced defects in the calibration samples was determined with Elastic Recoil Detection Analysis allowing an absolute calibration value for SIMS.
The TDS analyses were done in an ultra-high vacuum system with a background pressure of 1 − 2 × 10 −9 mbar. Samples were annealed from room temperature up to 1000 The analysis of divertor tiles retrieved after the ILW-2 campaign is ongoing [11-13, 21, 22] .
This work discusses the results obtained from Tiles 1, 4, and 6, which have been exposed for single experimental campaign ILW-2. These tiles were prioritized in the analysis programme based on the results obtained from ILW-1 (highest deposition on Tile 1), and based on the plasma configuration and the resulted strike point locations on Tile 4 and 6 in ILW-2 ( Fig. 2 ).
Moreover, in addition to the divertor tiles being exposed only for ILW-2, tiles being exposed long-term for both ILW-1 and ILW-2 plasmas have been analyzed [11, 21, 22] . Here we report and compare results from the outer divertor (Tiles 6, 7 and 8) to results obtained from outer divertor tiles exposed only for ILW-1.
III. RESULTS
A. Inner divertor
In Fig. 3 Fig. 3(a) ). This region is deep in the plasma scrape-off layer (SOL), and the D fuel is retained via co-deposition. The impurity layer is formed by erosion of the main chamber Be limiters the inner wall mid-plane limiter being the main erosion region [23, 24] . The eroded particles flow in the SOL and the main deposition takes place on these horizontal surfaces in the upper inner divertor [25] . The thickness of ∼ 10 20 Be/cm 2 corresponds to a deposit thickness of 10 − 15 µm, as confirmed with tile profiling [3] . In ILW-1 the ISP was on Tile 3, and in ILW-2 it was predominantly lower in the divertor on ( Fig. 3(b) ) as the wider inner SOL allows particle transport into this area. and ILW-2. In ILW-1 ( Fig. 6(a) ) the deposits are formed broadly around the strike point, and the D retention correlates with the deposition. In ILW-2 ( Fig. 6(b) ) the ISP was predominantly on Tile 4, which can be seen as an increase on the thickness of the deposit.
The deposit is formed in the vicinity of the strike point and increasing towards the inner corner of the divertor. Due to higher deposited energy in ILW-2 (Table I) there is an obvious minimum in D retention near the ISP. The position of the minimum appears to be < 2.5 cm away from the ISP maximum towards the private flux region. Possible reasons for this discrepancy may be e.g. the accuracy of the strike point location (up to 2 − 3 cm), or the natural strike point sweeping due to Edge Localized Modes (ELMs) inducing a pulsating strike point movement towards the private flux region [26] . The energetic ELMs can induce the surface temperature rise locally at the divertor target, which results in D outdiffusion from the tile surface and subsurface. In Ref. [27] it was shown the temperature rise reaching up to 1400
• C at the strike points during a plasma discharge.
B. Outer divertor
The outer corner, and the D retention has a minimum value near the strike point. In Fig. 7 is shown SEM results obtained from the Tile 6 strike point location after ILW-1 and ILW-2.
Since the strike point time on Tile 6 and the deposited energy during ILW-1 were low, a thin deposited layer of few µm was able to be formed. In ILW-2, due to higher absorbed energy, the dominant strike point location and the resulted re-erosion events on Tile 6, the deposition at the OSP was found only in the microscopical plasma-shadowed regions, such as hills and valleys due to surface roughness. The subfigure in Fig. 7(b) shows the porous features observed on these remained deposit fractions. In Fig. 8 (Fig. 4(b) ) the near-surface D profile peak is missing (arrow). The H co-deposition during the H plasma campaign induced the dip to the shape of the D profile extending up to ∼ 0.25 µm from the sample surface.
The low D values in ILW-2 compared to ILW-1 are due to temperature effect (Table I ) and longer strike point time at the sloping part of Tile 6 in ILW-2 (Fig. 2) .
impurity depth profile results from the strike point region on Tile 6. In ILW-1 no thick deposit layers were formed ( Fig. 8(a) ), and the D retention was low (∼ 10 18 D/cm 2 ). Due to the high heat on Tile 6 in ILW-2, the D amount was 1 − 2 orders of magnitude less at the strike point ( Fig. 8(b) ). The ILW-1 SIMS profile for D shows a narrow near-surface Tile 6 the two-campaign deposition shows an increase outside the strike point region. The D fuel retention shows a decrease at the strike points on Tiles 6 and 7 due to higher input power in ILW-2 (see Table I ).
profile peak (subfigure in Fig. 8(a) ). The H campaign in the end of ILW-2 has an evident effect to the observed D depth profile. As was observed with Tile 1 (Sect. III A), the D on Tile 6 has a decreased near-surface concentration, which is seen as a dip in the D depth profile (up to ∼ 0.25 µm in the bulk). However, the origin of this feature on Tile 6 may be different than on Tile 1. Due to the ILW-2 OSP being located on Tile 6 and because of lack of deposition at the strike point, the retained D can be considered originating mainly due to implantation. A similar feature in the change of the D near-surface profile has been also observed on ILW-2 Tile 5 samples, which were located in the private flux region and were without deposits [13] .
Outer divertor tiles (Tiles 6, 7, and 8) being exposed to plasmas since the beginning of the ILW project (period 2011-2014; ILW-1 and ILW-2) were analysed with 4.5 MeV NRA, and the results were compared against corresponding outer divertor tiles exposed for ILW-1 only. Fig. 9 summarizes the main findings. During the ILW-1 there was no significant OSP induced heating affecting the D retention, and only minor amounts of deposit were formed on Tiles 7 and 8 ( Fig. 9(a) ). The longer ILW exposure time 2011-2014, and the effect of the OSP being located on Tile 6 for longer time and with higher deposited energies in ILW-2, had a significant effect on the D retention. It is worth to note, that in the poloidal D profile on Tile 6 ( Fig. 9(b) ) there appears to be a D minimum approx. 2 − 3 cm from the OSP maximum towards the private flux region. The same reasoning for this discrepancy can be applied as was done for the D minimum near the ISP on Tile 4.
A D decrease was observed also on the bottom part of Tile 7 ( Fig. 9(b) ). Even though the Tile 7 strike point time was nearly identical in ILW-1 and ILW-2, the higher heat during ILW-2 campaign resulted in increasing the D desorption from Tile 7 during the plasma operations.
IV. SUMMARY AND CONCLUSIONS
To summarize, divertor fuel retention and deposition properties as obtained with ILW-2 post-mortem analyses have been compared with corresponding ILW-1 results. As in ILW-1, the top horizontal surface of the inner divertor remains in ILW-2 as the region with the thickest deposition formation. The deposited layer comprises of Be with C and O being the main impurities. In ILW-1 the ISP was mainly on Tile 3. The ISP location in ILW-2 was on Tile 4, which widened the inboard SOL compared to ILW-1. This widening of SOL allowed thicker deposition formation further down on Tile 1. Moreover, it may speculated that due to higher input powers and increased main chamber erosion in ILW-2, more material migrated down to the divertor along the magnetic field lines. This was observed as an increase in the ILW-2 deposition on Tile 1 vertical surface and near the strike points on Tiles 4 and 6.
However, the high energies deposited on the divertor induced high heat at the strike point, which resulted in D outdiffusion during ILW-2 operation yielding to 1−2 orders of magnitude lower D retention at the strike point as compared to ILW-1. In general, the fuel is retained effectively in areas with low erosion and low surface temperatures hence making the high 14 IV SUMMARY AND CONCLUSIONS retention on Tile 1 and upper inner divertor feasible. Elsewhere on the divertor the retention is lower due to higher plasma interactions or lack of co-deposition. However, there are regions where the retention has been observed with D:Be concentration ratios close to unity. Such locations are further away from the high heat regions, and can be found e.g. in the remote inner and outer corners of the divertor and on the upper outer divertor. The effect of seeded impurities (N, Ne, Ar) during plasma operations is to introduce radiative impurities in the divertor allowing dissipation of plasma power density at the target. The relative total amount of seeded impurities was increased from ∼0.3% in ILW-1 to ∼4.5% in ILW-2. The effect of seeded impurities to fuel retention has been studied previously with laboratory experiments and computationally although more systematic studies for increasing the database would be required. The results show the N may be having a minuscule decreasing effect to D retention [28] and the Ar having a zero or minuscule effect on hydrogen retention [29, 30] . Analyses on the effect of seeded impurities to fuel retention trap location in JET samples is ongoing However, the H implantation is expected to play a dominant role at the strike points, leading to a different mechanism for the retention of hydrogen isotopes than in divertor areas with co-deposition. In the co-deposited region on Tile 1, the D profile was affected by H up to 0.5 µm in depth, and at the strike point with implantation being the dominant retention mechanism up to 0.25 µm.
Analyses on outer divertor tiles being exposed for both ILW-1 and ILW-2 showed a nearly linear accumulation of deposition in regions outside of strike point. The D retention was observed to be strongly dependent on the ILW-2 strike point location. The absorbed high powers enhances the D outdiffusion at the strike point, and fuel is found to be retained in the neighbourhood of the strike point. Deposit formation at the strike point is decreased due to increased re-erosion processes.
The reported results are part of ongoing analysis work on ILW-2 and ILW-1 & ILW-2 exposed divertor tiles, and hence no global trends can be presently assessed. However, main differences originating from the ILW-1 and ILW-2 plasma operations are evident. Operating plasmas producing high energy deposition on the divertor lead to decrease in fuel retention and deposit formation at the strike points. Effect of H-only plasmas is seen as decrease of the D fuel retention in the near-surface regions of the plasma-facing components. 2 GJ * includes restart pulses, gas and pellet injections, neutral beam heating, and disruption protection system puffs. † puffed fuel during H campaign only. § includes restart pulses, gas and pellet injections, and disruption protection puffs. ‡ predominant strike point location. Detailed strike point distribution shown in Fig. 2 . * * thermocouple measurement.
